Young infants discriminate phonetically relevant speech contrasts in a universal manner, that is, similarly across languages. This ability fades by 12 months of age as the brain builds language-specific phonemic maps and increasingly responds preferentially to the infant's native language. However, the neural mechanisms that underlie the development of infant preference for native over non-native phonemes remain unclear. Since gamma-band power is known to signal infants' preference for native language rhythm, we hypothesized that it might also indicate preference for native phonemes. Using high-density electroencephalogram/event-related potential (EEG/ERP) recordings and source-localization techniques to identify and locate the ERP generators, we examined changes in brain oscillations while 6-month-old human infants from monolingual English settings listened to English and Spanish syllable contrasts. Neural dynamics were investigated via single-trial analysis of the temporal-spectral composition of brain responses at source level. Increases in 4 -6 Hz (theta) power and in phase synchronization at 2-4 Hz (delta/theta) were found to characterize infants' evoked responses to discrimination of native/non-native syllable contrasts mostly in the left auditory source. However, selective enhancement of induced gamma oscillations in the area of anterior cingulate cortex was seen only during native contrast discrimination. These results suggest that gamma oscillations support syllable discrimination in the earliest stages of language acquisition, particularly during the period in which infants begin to develop preferential processing for linguistically relevant phonemic features in their environment. Our results also suggest that by 6 months of age, infants already treat native phonemic contrasts differently from non-native, implying that perceptual specialization and establishment of enduring phonemic memory representations have been initiated.
Introduction
During the first year of life, infants' perceptual abilities develop from a wide-ranging capacity to discriminate general sensory information to a more finely tuned capability that favors processing of selective, more relevant input from their environment (Lewkowicz and Ghazanfar, 2009 ). Ontogenic specialization (perceptual narrowing) promotes neural representation and efficient processing of essential information, and is particularly important when infants assemble the foundations of their native language (Werker and Tees, 2005; Gervain and Mehler, 2010) .
As early as 30 weeks of gestation, the cortical organization of premature neonates allows discrimination of phonemic variations between syllables (Mahmoudzadeh et al., 2013; Maitre et al., 2013) . Subsequently, exposure to native language in the natural environment fosters construction of language-specific phonemic maps and commitment to their native language (Kuhl et al., 2006) . As infants become language experts they preferentially process characteristic features of their native language (Werker et al., 2012) . Newborns and young infants begin favoring distinctive suprasegmental elements (rhythm, intonation, stress) of their own language (Mehler et al., 1988; Kuhl, 2004; Friederici et al., 2007) . Shortly after birth, they show enhanced electrophysiological responses (Cheour et al., 1998) and better behavioral categorization of familiar than nonfamiliar vowels (Kuhl et al., 1992; Moon et al., 2013) . At 6 -8 months of age, infants still discriminate most native and non-native consonant contrasts, but ϳ10 -12 months, the ability to discriminate foreign contrasts attenuates whereas discrimination of native language phonemes strengthens (Werker and Tees, 1984; Best et al., 1995; Rivera-Gaxiola et al., 2005; Tsao et al., 2006) . Despite strong evidence about the time line of transition from universal phoneme discrimination to native-language phoneme specialization, the neural mechanisms underlying this transition remain unclear.
In adults, speech perception is considered a multitime resolution process, involving brain activation of synchronized oscilla-tory activity in delta, theta, and gamma frequency bands (Poeppel et al., 2008; Giraud and Poeppel, 2012) . Therefore, examining spectrotemporal brain dynamics in infants may reveal basic mechanisms that relate to language acquisition. Electrical signals recorded at the scalp reflect variations in neuronal oscillatory activity (Başar et al., 2000; Buzsáki and Draguhn, 2004) and provide information about infant brain function at rest (Benasich et al., 2008) or after stimulus presentation (Peña et al., 2010) . During sensory stimulation neuronal networks respond with transient oscillatory enhancement of evoked (phase-locked) and induced (nonphase-locked) rhythmic activity (Başar et al., 2000; Buzsáki, 2006) .
Enhancement of induced gamma power was found in 3 month olds when they listened to utterances in their native, and in a rhythmically similar language, implying analogous neural mechanisms in processing native and non-native languages (Peña et al., 2010) . However, at 6 months, gamma power increased only for native sentences' processing, suggesting a specific role for gamma oscillations in native language specialization. In the current study we used time-frequency analysis of sourcelocalized electroencephalogram (EEG) activity to examine brain dynamics in 6-month-old infants during discrimination of native and non-native phonemic contrasts. We hypothesize that variations in the spectrotemporal dynamics of neuronal oscillations, particularly gamma oscillations, in response to syllable contrasts may reflect, at least in part, ongoing native language specialization at the phonemic level.
Materials and Methods
Participants. The present study includes a subset of 28 (19 males), 6-month-old typically developing infants that were originally part of a large developmental study. All infants had uneventful prenatal and perinatal circumstances and were born healthy, full-term (mean gestational age: 39.84 weeks, SD: 1.36), and with normal birth weight (mean: 3554.6 g, SD: 409.4) into middle to upper-middle socioeconomic class (Hollingshead, 1975 ) monolingual English families. Infants were recruited from urban and suburban communities in New Jersey, and had no family history of specific language impairment, autism, hearing loss, no repeated episodes of otitis media, or other medical, neurological, or psychiatric disorders. Parents were compensated for their time and infants received a toy after the visit. The study was conducted in accordance with the Declaration of Helsinki and informed consent approved by the Rutgers University Human Subjects Institutional Review Board was obtained before inclusion in the study.
Procedure
Event-related potentials. Stimuli: As infants are mapping phonemic representations at this age, consonant-vowel (CV) syllables were used to investigate at the prelexical level, sensory processing of speech sounds from two phonemic categories: those that cross and those that do not cross native phonemic boundaries. Three CV syllables that varied in voice-onset time (VOT) were presented to the infants. VOT is an acoustic feature characteristic of stop consonants, defined by the interval between the release of air and the onset of vocal-cord vibration (voicing), critical for perceptual discrimination of phonemes that have the same place of articulation (Eimas et al., 1971; Abramson and Lisker, 1973; Eimas, 1974; Aslin et al., 1981) . The standard stimulus was a CV syllable phonetically relevant in both English and Spanish and heard as /da/ by native English speakers and as /ta/ by native Spanish speakers (VOT: ϩ12 ms). Two CV syllables were used as deviants: a native English deviant /ta/ (VOT: ϩ46 ms) and a non-native Spanish deviant, phonetically relevant and heard in Spanish as /da/ (VOT: Ϫ24 ms). Thus, both phonemic contrasts had similar VOT divergence: the VOT difference between the standard and native deviant was 34 ms and between the standard and non-native deviant 36 ms. The duration of each CV syllable was 230 ms including 5 ms rise and fall times with a fundamental frequency of 180 Hz (Fig. 1) . The stimuli were presented in a passive oddball paradigm that contained a standard (80%), a native deviant (10%), and a non-native deviant (10%) for a total of 1000 stimuli. The stimulus onset-to-onset interval was 930 ms (a more detailed description of these stimuli and the paradigm used can be found in Rivera-Gaxiola et al., 2005) . Auditory stimuli were matched for intensity and presented binaurally in a sound-attenuated free field environment at 69 dB SPL. In a previous study, the same stimuli were presented to both English-raised and Spanish-raised infants and the results showed that ERP responses from 10-to 13-month-old infants of different language backgrounds were similar for their respective native contrast processing (Rivera-Gaxiola et al., 2007) . To probe the stimuli presented to infants, it was tested in a sample of 16 healthy, right-handed monolingual English adults (8 males) mean age 25.4 years confirming that adults only discriminated the native syllable contrast.
EEG recording and data processing. Dense array EEG/ERP recordings were acquired while participants were seated in their parent's lap, watching a silent movie or entertained with silent toys to keep them calm and engaged. EEG was recorded using a 62 Ag/AgCl channel EGI sensor net (Electrical Geodesics) with vertex electrode used as on-line reference, sampling rate of 250 Hz, and high/low pass filters of 0.1 and 100 Hz, respectively. Artifact correction of eye movements was completed on the raw data using Brain Electrical Source Analysis (BESA GmbH) software's automatic correction algorithm (Principal Component Analysis method). ERPs were processed with BESA software using an off-line bandpass filter of 1-15 Hz and re-referenced to an average reference. EEG data were then segmented into epochs according to stimulus type (standard, native deviant, and non-native deviant), with 300 ms prestimulus and 930 ms poststimulus time, and 100 ms before stimulus onset used as baseline. Epochs with signals exceeding Ϯ300 V from the baseline were excluded. A minimum of 70% artifact-free epochs was required for each stimulus (average for standard: 149, range: 138 -178; for native deviant: 77, range: 70 -92; for non-native deviant: 75, range: 70 -87) to be included in ERP averaging. To ensure similar signalto-noise ratio between responses to standard and deviant contrasts, only the standard epochs that preceded the deviants were included in the averaged standard response.
Magnetic resonance imaging. Given that the infant brain and surrounding structures undergo large anatomical changes throughout the first year of life, structural magnetic resonance images (MRIs) were acquired for a subset of the sample, and age-appropriate tissue thicknesses and conductivity values were calculated and used in locating the generators of the ERP responses . MR images were obtained from nonsedated, naturally sleeping infants, 16 of whom were participants in this study. In the imaging suite, normal bedtime routines for the child were replicated as closely as possible by including soft lullaby music, rocking chair, crib, and any other objects or materials that might encourage sleeping (for a detailed explanation of the scanning procedures, see Raschle et al., 2012) . T1-weighted 3D SPGR images were collected on a GE 1.5 T Echospeed MRI scanner using a standard head coil. The following parameters were used for T1 acquisition: field of view ϭ 25 cm, TR/TE ϭ 24/10 ms, flip angle ϭ 30°, matrix size ϭ 256 ϫ 192, slice thickness ϭ 1.5 mm, number of slices ϭ 124, sagittal orientation, bandwidth ϭ 15.63 kHz.
An MRI brain template for 6 month olds was created by affine transform of 19 MRI images into the MRI space of an infant with the median age of the sample and combined into an average image. Using the BrainVoyager QX program the average brain template was aligned and transformed into Talairach space. Original individual and average (template) MRIs were imported into BESA Research 5.3 software for source localization of the ERP generators using age-appropriate parameters for thickness (skull: 1.5 mm; scalp: 2.5 mm; subarachnoid space: 1.7 mm) and conductivity (skull bone: 0.0581) of the infant structures (for a complete description of the technique used, please refer to Hämäläinen et al., 2011; .
Source localization of ERP generators. To localize the generators of the ERP responses, the data were mapped onto the MR images using BESA and Brain Voyager QX software programs (Scherg et al., 2010). For 16 infants, the standard electrode positions were fitted onto their individual MRIs. Twelve infants, for whom individual MRIs were not available, had the electrode positions fitted onto the average MRI template. Peaks for responses to standard and to native and non-native deviants were identified from the grand average waveform and from the individual ERPs; a time window of Ϯ20 ms around the peak was used for dipole fitting. A dipole source model (Scherg and Von Cramon, 1985) using a 4-shell ellipsoidal head model, and a confirmatory distributed source model calculated using Classic LORETA Recursively Applied (CLARA) method (Hoechstetter et al., 2010) were applied to the ERPs for source analysis. Peaks for each condition and source were identified and amplitude and latency of the source peaks submitted to statistical analyses.
Single-trial time-frequency analyses in source space. Examination of spectrotemporal changes in event-related oscillations (EROs) during perception of native and non-native contrasts was accomplished using single-trial analysis in source space. Data from 25 infants that had reliable source localization of the generators of the ERP responses for all three stimuli were submitted to time-frequency analyses using the coherence module available in BESA Research software. In the first step, the individual source montages generated during dipole fitting of the first positive ERP response for each stimulus were applied to the corresponding raw EEG recording to transform the continuous EEG into source space (Hoechstetter et al., 2004) . To preserve all frequency information, no filters were applied to the raw EEG data. A complex demodulation method with 1 Hz wide frequency bins and 50 ms time resolution, from Ϫ300 to 930 ms in the range of 2-80 Hz was used for decomposing the single-trial EEG data into time-frequency representation. To examine event-related changes in oscillatory amplitude of frequency bands relative to the baseline (Tallon-Baudry et al., 1996; Hari and Salmelin, 1997; Tallon-Baudry and Bertrand, 1999) we used temporal spectral evolution (TSE). The TSE value is comprised of induced (random-phase/nonphase-locked) and evoked (phase-locked) changes in amplitude of oscillatory activity related to stimulus presentation. To isolate the specific contribution of random-phase from locked-phase oscillations the evoked response signal was subtracted from the single-trial time series before computation of the TSE, which allowed separation of the induced activity (Hoechstetter et al., 2004) . The intertrial phase-locking (ITPL) factor measures variations in phase alignment thus indexing evoked oscillatory activity, and in particular, how consistently the phase at different frequency bands locks to stimulation presented across trials over time (Tallon-Baudry et al., 1996; Tallon-Baudry and Bertrand, 1999) . ITPL is reported between 0 and 1 with 0 indicating random phase across trials and 1 perfect intertrial phase alignment of the neural oscillations. TSE overall, TSE induced, and ITPL measurements were obtained at the three sources previously identified: left and right auditory cortices and frontal at the level of the anterior cingulate cortex (ACC) for each of the three stimuli (standard, native deviant, non-native deviant) presented to the infants. TSE and ITPL individual results generated for each source and stimulus were exported to MATLAB (MathWorks) for plotting graphics across subjects.
Statistical analyses
The statistical analyses were conducted using PASW Statistics 19 (SPSS) software. The positive and negative ERP peak amplitudes for the three stimuli were confirmed to be significantly different from zero baseline using one-sample t tests ( ps ϭ 0.000). The source strength and latency were examined separately using 3 ϫ 3 [Source (left auditory, right auditory, ACC) ϫ Stimulus (standard, native deviant, non-native deviant)] repeated-measures ANOVA. For time-frequency analysis, statistics were conducted in two steps: First, we detected time-frequency regions with significant increase in overall amplitude (TSE) and phase synchrony Figure 1 . Sound wave and spectrogram of the CV syllables presented to the infants. First row: syllable used as standard, phonetically relevant in both English (heard as /da/) and Spanish (heard as /ta/), VOT ϩ12 ms. Second row: voiced syllable used as native deviant phonetically relevant in English (heard as /ta/), VOT ϩ46 ms. Third row: voiceless syllable used as non-native deviant, phonetically relevant in Spanish (heard as /da/), VOT Ϫ24 ms.
(ITPL) using BESA Statistics 1.0 (BESA GmbH) software. BESA Statistics calculates a preliminary Student's t test between conditions per data point followed by parameter-free permutation testing in combination with data clustering to deal with the problem of having multiple comparisons (a complete description of the method used can be found in the BESA Statistics Manual, 2011). In this way, we identified "data clusters of significance" between conditions across participants in the timefrequency domain. In the second step, repeated-measures ANOVAs [Source (left auditory, right auditory, ACC) ϫ Stimulus (standard, native deviant, non-native deviant)] were performed using the mean of each significant cluster as follows: TSE for theta (from 4 to 6 Hz between 150 and 400 ms) and gamma (from 30 to 34 Hz between 100 and 400 ms) frequency bands, and ITPL for the delta/theta (from 2 to 4 Hz between 100 and 300 ms) frequency range. Post hoc t tests were conducted to examine significant main effects and interactions. Additionally, to investigate laterality, paired t test comparisons were conducted between the standard and native deviant and the standard and non-native deviant at left and right auditory sources for TSE and ITPL measurements.
Results

Source analyses
Infant ERP responses to the standard, native deviant, and nonnative deviant stimuli closely resembled those reported in other studies using the same paradigm (Rivera-Gaxiola et al., 2005 . Each syllable's response was characterized by a frontocentral (Fcz) positive-going deflection at ϳ200 ms, followed by a negative deflection at ϳ400 ms (Fig. 2) , with inversion of polarity observed at the mastoids and posterior channels.
Source locations of the generators of infant ERP responses to native deviant, non-native deviant, and standard stimuli were identified from the original ERP waveforms. To examine prelexical, phonemic sensory processing we focused our source analysis on the first positive ERP response occurring at ϳ200 ms after stimulus presentation. As the posterior superior temporal lobe bilaterally has been suggested to be the primary substrate for constructing sound-based representation of speech (Hickok and Poeppel, 2000) a two-dipole model was freely fitted for the first positive ERP response of each of the stimuli. The dipoles were placed in both auditory cortices explaining ϳ85% of the variance. Distributed source model (CLARA) confirmed bilateral activation to the auditory cortex, showing an additional source of activation in the mid-frontal area, at the level of the ACC. A three-dipole model was then used, finding and locating sources at left and right auditory cortices and at the level of ACC for each of the stimuli (Fig. 3) . The positive response for the native deviant stimulus could be modeled for all 28 infants, the response for the standard for 26 infants, and the response for the non-native deviant in 25 children. Thus, to allow comparison between the responses to both syllable contrasts only data from the 25 participants that had reliably modeled sources at all locations are included in the present study. Source activity for all three stimuli was convergently located (Fig. 3) and the source waveforms followed the positive-negative complex pattern observed in the original ERP waveforms (Fig. 4) . The three-dipole model for the positive peak explained ϳ96% of the variance (residual variance in the grand average for standard: 4.0, native deviant: 3.9; nonnative deviant: 3.0).
A 3 ϫ 3 Source ϫ Stimulus ANOVA examining amplitude of the positive response in the source waveforms revealed a main effect of source (F (2,46) ϭ 13.639, p ϭ 0.000) and main effect of stimulus (F (2,46) ϭ 12.555, p ϭ 0.000, ϭ 0.794). The ACC source showed less strength as compared with the left and right auditory sources ( ps Ͻ 0.002). The peak amplitude to the standard stimulus was smaller than those to native and non-native deviant stimuli ( ps Ͻ 0.003) supporting the premise that at 6 months, infants do discriminate phonemes in both native and non-native languages. Source analyses of the peak latency also showed source (F (2,46) ϭ 8.184, p ϭ 0.004, ϭ 0.662) and stimulus main effects (F (2,46) ϭ 10.579, p ϭ 0.000). The ACC source peaked earlier than the left auditory source ( p ϭ 0.001) and the response latency to the standard stimulus was shorter than either of the deviant stimuli ( ps Ͻ 0.009).
Time-frequency analyses
To measure amplitude and synchrony of neuronal oscillations as a result of syllable presentation, single-trial epochs were decomposed into time-frequency representation in source space. Grand average plots showed enhanced oscillatory activity relative to baseline in theta and gamma bands for TSE (Fig. 5) and in the delta/theta band for ITPL synchronized activity (Fig. 6) . Permutation testing in com- shown in a 6-month-old infant brain template and reconstructed head surface; similar source locations at the auditory cortices and ACC were found for each stimulus (native deviant, red; non-native deviant, green; standard, blue). bination with data clustering was then conducted in these frequency ranges to identify clusters with significant changes in magnitude and phase alignment of oscillatory activity. Results of this analysis showed for the TSE, a significant cluster in the theta range (4 -6 Hz) between 150 and 400 ms (Fig. 5A) . TSE percentage of amplitude change in the theta band was larger in magnitude at the left auditory source (LAC), followed by the right auditory (RAC) and ACC sources and larger at the right than at the ACC source (LACϾRACϾACC; Source effect: F (2,48) ϭ 17.572, p ϭ 0.000; post hoc pairwise comparisons: left/right: p ϭ 0.03; left/ACC: p ϭ 0.000; right/ACC: p ϭ 0.009). To explore stimulus contributions to left Ͼ right hemispheric asymmetry, paired t test comparisons were conducted. Mean percentage of theta amplitude change was higher for the native deviant in the left auditory source as compared to the right (t (24) ϭ 2.403, p ϭ 0.024). Although close to significance, no laterality effect was found for the non-native deviant (t (24) ϭ 1.811, p ϭ 0.083); and no left/right asymmetry was found for the standard stimuli (t (24) ϭ 0.599, p ϭ 0.554). Within the ACC source, we also found a cluster of increased oscillatory activity in the 30 -34 Hz gamma range, between 100 and 400 ms (Fig. 5B ). This gamma burst was only present for the native deviant (Source ϫ Stimulus interaction: F (4,96) ϭ 3.996, p ϭ 0.005) and showed significantly higher gamma amplitude for native than for the non-native deviant ( post hoc comparisons: t (24) ϭ 3.166, p ϭ 0.003) or the standard (t (24) ϭ Ϫ2.82, p Ͻ 0.009) stimulus responses. As noted above, the TSE value reflects the average percentage of spectral amplitude changes over single trials regardless of phase differences, that is, the TSE value includes both induced and evoked oscillatory activity. To isolate the induced activity, subtraction of the evoked response signal from the single-trial time series before computation of the TSE (Hoechstetter et al., 2004) was then conducted and submitted to statistical analysis. One-sample t tests confirmed that the difference in amplitude in the ACC source (native deviant minus nonnative deviant) was significantly greater than zero (TSE overall [evoked ϩ induced gamma]: t (24) ϭ 3.166, p ϭ 0.004; induced gamma: t (24) ϭ 3.275, p ϭ 0.003). ANOVA for the ACC source showed that only the response to the native deviant syllable resulted in induced gamma enhancement (Stimulus effect: F (2,48) ϭ 8.108, p ϭ 0.001; post hoc comparisons: larger native than nonnative deviant: t (24) ϭ Ϫ3.193, p ϭ 0.004; larger native deviant than standard: t (24) ϭ 3.415, p ϭ 0.002). To test if induced gamma oscillations differed in discriminating native as compared to nonnative contrasts, second-level analyses were conducted. Larger induced gamma power was found for discrimination of native (native deviant minus standard) as compared to non-native (non-native deviant minus standard) contrasts (t (24) ϭ 3.275, p ϭ 0.002).
We subsequently analyzed phase synchrony by examining how consistently the phase locked to stimulus presentation in different frequency bands across time (ITPL). The ITPL showed an increase in phase alignment from 100 to 300 ms, in the 2-4 Hz delta/theta range (Fig. 6 ). Less phase alignment was found in the ACC source than in the auditory sources (Source effect: F (2,48) ϭ 76.853, p ϭ 0.000; post hoc pairwise comparisons: left: p ϭ 0.000; right: p ϭ 0.000) and larger phase synchronization was seen for the responses to the native and non-native deviant stimuli than for the response to the standard stimulus (Stimulus effect: F (2,48) ϭ 7.795, p ϭ 0.001; post hoc pairwise comparisons: native deviant: p ϭ 0.004; non-native deviant: p ϭ 0.014) thus supporting the common finding that at 6 months of age, infants can discriminate speech signals in both native and non-native languages. Due to the fact that phase alignment was considerably smaller in the ACC than in auditory cortices we were not able to explore ITPL differences in the processing of native versus nonnative deviants using the repeated-measures ANOVA. Separate analyses for the ITPL values originating from the ACC identified a significant cluster of phase synchronization between 150 and 250 ms from 3 to 5 Hz. Paired t test comparisons of the cluster mean showed more phase alignment for the native than for the non-native deviant (t (24) ϭ 2.541, p ϭ 0.018).
Discussion
Results from this study show that at 6 months, infants have already begun to preferentially process segmental/phonemic information of their native language. The presence of induced gamma oscillations exclusively during processing of the native contrast may indicate the beginning of perceptual tuning to native language phonemics. This is a novel result, as it was previously thought that phonemic preference for native consonants occurred toward the end of the first year of life as infants established their phonemic maps (Werker and Tees, 1984; Best et al., 1995; Phillips, 2001; Rivera-Gaxiola et al., 2005) . Although our findings show differences in the time period in which this preference develops, they are in line with recent studies reporting induced gamma as a marker of infant preference for suprasegmental rhythmic features of their native language (Peña et al., 2010) .
To investigate neural mechanisms that may underpin infant processing of syllable contrasts we examined the dynamics of the EEG signal in source space. Sources were found in bilateral auditory cortices and in frontal cortex, at the level of ACC. Timefrequency analysis of single-trial data transformed from sensor space into source space permitted the separation of the spectrotemporal content of different brain regions that normally overlap at the scalp surface. We found that when processing non-native syllable contrasts, infants demonstrated enhanced oscillations only in the theta range, but when infants listened to native, and hence more familiar syllabic information, increases in oscillatory activity were observed in both theta and gamma bands. Thus, while theta/delta oscillations appear to be specifically engaged in syllable processing, gamma bursts signal enhanced processing of native syllables. Slower frequency ranges, such as delta and theta bands, may capture the activity of connected neuronal populations and possibly be involved in information transfer between brain areas (Wang et al., 2005; Wang, 2010; Saby and Marshall, 2012) . Activity in the gamma range is thought to represent the synchronized activity of local neuronal populations typically engaged when binding of information about perceptual features takes place (Herrmann et al., 2004; Ribary, 2005; Buzsáki, 2006; Uhlhaas et al., 2010; Wang, 2010) . Thus, gamma activity plays a role in sensory and cognitive processes such as arousal, perceptual integration, attention, memory, object recognition, and language processing among others ( Benasich et al., 2008; Gou et al., 2011) . One possible explanation of these results is that at 6 months of age, non-native syllable processing may recruit global auditory regions, whereas native syllable discrimination recruits both global and more selective neuronal populations.
Delta/theta oscillations
Enhancement of oscillatory activity in lower frequency bands was predominantly observed in auditory sources with indications of larger activation in left auditory cortex. Our findings are in line with previous reports showing left-lateralized language processing in premature neonates processing phonemic contrasts (Mahmoudzadeh et al., 2013) , in neonates listening to syllable sequences (Gervain et al., 2008) , and in 3-month-old infants listening to ongoing native speech (Dehaene-Lambertz et al., 2002 ). In the current study, 6-month-old infants showed predominantly left-lateralized enhancement of theta power for syllable processing. Larger left-than-right theta activation was found for the native deviant and for the non-native deviant, the hemispheric difference was close to significance, perhaps indicating that left auditory cortex specialization for native phonemic processing is in the initial stages. Our results are in accord with a previous study reporting larger left-lateralized hemodynamic responses for native than non-native sentences in 4 month olds (Minagawa-Kawai et al., 2011) and expand the preferential left auditory processing of native features from the sentence level to the phonetic level. The stimuli used contained fast VOT changes for both phonemic contrasts, thus enhancement of theta oscillations specifically in the left auditory cortex, known to be specialized for rapid temporal processing (Zatorre and Belin, 2001 ) is not surprising. However, this finding provides further support for the assertion that, similar to adults, the left auditory cortex in infancy already shows preferential treatment of speech stimuli containing rapidly changing information. In addition, our findings within the theta band expand the current view of lowfrequency sampling in auditory regions. We show that delta/theta oscillations in the left auditory cortex resolve phonemic information that differs over tens of milliseconds and that synchrony of evoked low-frequency oscillations encodes acoustic information across CV syllables. Therefore, in early development, theta oscillations may represent a generalized mechanism transiently used in left auditory areas to index acoustic differences at the segmental/phonetic level. A small burst of theta activity was also elicited at the level of ACC during native deviant processing. Previous studies in adults have shown that theta activity in ACC relates to memory (Bastiaansen and Hagoort, 2003) , error detection, conflict monitoring, stimulus-response mapping, familiarity, and orienting responses (Wang et al., 2005; Oliveira et al., 2007) , suggesting interactions with frontal and temporal areas (Baudena et al., 1995) . Increase in frontal theta power has also been found in infants attending to speech (Orekhova et al., 2006) . Our data are in accord with these findings, suggesting that frontal theta activity during native deviant processing may signal a "violation of expectancy" that is not present during non-native deviant processing.
Gamma oscillations
Six-month-old infants also showed gamma enhancement in the ACC. Activation of ACC has been found in adults during attention-related tasks such as generation of word associations (Petersen et al., 1988) , and in active auditory oddball tasks (Crottaz-Herbette and Menon, 2006). In passive paradigms, that do not require overt attention, ACC activation has been related to involuntary switching of attention to changes in auditory input (Waberski et al., 2001 ). The specific increase in gamma power during discrimination of native deviant could be due to mapping perceptual input into a long-term phonemic memory representation, or to involuntary capturing of attention by acoustic features relevant in native language, or possibly, as a function of both of these mechanisms. The fact that gamma oscillations were elicited in the ACC, an area implicated in allocation and control of attentional resources (Posner and Rothbart, 1998; Bush et al., 2000) , and at relatively early stages of sensory processing, suggests involuntary switching of attention, from the visual stimuli (movie, puppets, toys) to the auditory domain, triggered by change detection of language-specific phonemic features. Attention modulation might well represent an important mechanism during this crucial period when infants are assembling their phonemic maps and thus may facilitate acquisition of native language. The attention switch could also be due to greater environmental familiarity for native than non-native syllables; however, "familiarity" implies some form of longterm memory representation. To recognize speech as familiar, one must be able to compare the incoming stimulus against memory representations derived from earlier experience. Another possibility is that change detection-related feedback mechanisms at the sensory level may help to shape the auditory system by increasing sensitivity to acoustic/phonetic features critical for phonetic mapping, or perhaps, to co-occurring contextual cues, which would assist infants in recognizing and reprioritizing the salience of phonetic categories (Werker and Tees, 2005; Werker et al., 2012) . However, no contextual cues were present in this experiment. Acoustic differences may also elicit stronger responses for native than non-native syllables regardless of degree of familiarity. For instance, stop consonants with voicing lags such as the English /t/ are easier to discriminate than Spanish equivalents, which contain a shorter voicing lag (Abramson and Lisker, 1973) . Despite the acoustic differences between English and Spanish deviants, infants showed clear evidence of discrimination of both contrasts.
Increases in induced gamma activity during presentation of ongoing native language, but not when utterances in a rhythmically alike non-native language were played, was reported in 6-month-old infants. However, at 3 months of age infants showed increased gamma power to both languages, implying the infants had not attained the required level of maturation to properly recognize native prosody (Peña et al., 2010) . If, as suggested, the presence of induced gamma power in 6 month olds was a marker of specialization for processing native suprasegmental information (rhythm), we might expect as well that gamma power would signal segmental (phonemic) specialization. Following this idea, and given the reported developmental time line for phonemic specialization, we expected that at 6 months of age, infants would show increased gamma activation for both phonemic contrasts. However, our results showed that induced gamma power was increased only for the native contrast processing suggesting that (1) 6-month-old infants have already begun to organize speech sounds into linguistically relevant categories to create enduring phonemic representations, (2) specialization for processing phonemic information may occur earlier than was previously thought, and (3) enhancement of gamma oscillations for native processing might well be a marker for established linguistic preferences.
In summary, examining the spectrotemporal dynamics of EROs to syllable contrasts expands our understanding of the mechanisms that may underlie and facilitate early language acquisition, and reveal candidate neural mechanisms that contrib-ute to syllable processing. In 6-month-old infants, auditory discrimination of syllabic information may be subserved by increases in oscillatory power and phase alignment in the delta/ theta range within auditory cortices, while frontal gamma power may indicate preferential processing of specific native features. Although 6 month olds can discriminate phonemic information across languages, the enhancement of gamma oscillations seen during discrimination of native contrasts supports the premise that at this age, infants have already begun to differentiate native phonemic features to form memory representations and as a consequence, much earlier than current literature suggests, favor native over non-native phonemic processing.
